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SUMMARY

A ground resonance test and subsequent flight tests have been
conducted on a Transavia T-400 Skyfarmur. The natural modes and
frequencies of vibration were measured in the ground tests, and monitored
during flight tests in which attempts were made to induce flutter. The
results of these tests are presented.
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1. INTRODUCION

The Transavia T-400 Skyfarmer is the latest version of the twin-boom
agricultural aircraft and incorporates several changes from the T-300 model
previously tested ;fef l).,Thi* changes which could affect the flutter characteristics

a) Change of engine from 6 cylinder 300 horsepower to 8 cylinder 400
horsepower;

b) Increase in length of tail booms by 750 millimetres; > '

c) Increase in stub-wing span by 900 millimetre" )).

d) Removal of the spring-tab from the elevators; and

e) Addition of a dorsal stabiliAi'r fin along each tail boom. --

In order to ascertain the effect these changes have made to the structural modes and
frequencies, the aircraft was subjected to a ground resonance test. Because the
changes were expected to bring about a lowering of the boom bending frequencies, an
improved low frequency support system was required for this test. By using a
partially inflated tube under each main wheel, and a rubber cord suspending the nose,
the rigid body modes of pitch, roll, and heave were 0.4 hertz, LI hertz and 2.2 hertz
respectively.

The aircraft supplied for the ground resonance test was also used for the f
later flight tests but initially it was fitted with a 6 cylinder engine. An additional
mass of 75 kilogrammes was added to the engine to simulate the 8 cylinder engine.
The aircraft was otherwise complete and serviceable, with 50 percent fuel on board
and the hopper empty. The modification of the dorsal stabiliser fin was not included
on the aircraft for the ground resonance test. Details of the aircraft are provided in
Table 1 and the major dimensions are shown on Fig. l(a).

2. TEST EQUIPMENT AND PROCEDURES

2.1 Gromd Resmse Test

A maximum of ten electro-magnetic vibrators was used for these tests.
These vibrators were nominally identical having a maximum thrust of 138 newtons.
The vibrators were attached to the structure, using lightweight pushrods, at the
extremities of the wing front spar and trailing edge, the starboard front spar and
port rear-spar of each tailplane, in a horizontal direction at the lowest point of the
port fin, along the port boom, and at the tips of the stub wings. Not all locations
were used at the same time, relocation being necessary for the boom and horizontal
measurements. The control surfaces were clamped for all structural modes except
the boom bending mode at 17.8 hertz, when the port elevator was released to
investigate the mass-balance properties In this mode. Control surface modes were
measured with the aircraft structure propped on stands. The tuning and

*measurement of modes was carried out using 16 accelerometers, multi-channel
filters, a resolved component ratiometer, UIssajous figures, and a frequency response
analyser. The details of the method are fully explained in Ref. 1. The locations of
measuring stations are shown In Fig. 1(b) and Table 2 provides the dimensional
locations of the measuring stations. In order to establish the range of frequencies
within which the resonant modes occurred, random noise was applied at several

b
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locations with the response being ted into a FFT spectrum analyser. Figures 2 to 6
show these responses which were used as starting points for tuning individual modes.

As was expected, many modes were unchanged from the T-300 aircraft, and
these modes were tuned, identified, but not measured in detail. They are listed in
Table 3 but not plotted. The modes of different frequency are presented in Figs. 8 to
15. The mode at 17.8 hertz caused some concern as it appeared that the elevator
mass-balance would operate to amplify the flutter mode rather than attenuate it.
This mode had not been measured on the T-300 aircraft in previous tests. A brief
test on an available T-300 aircraft established that this mode occurs on that aircraft
at 2L.5 hertz, as shown in Fig. 7. The mode was measured along the boom and
tailplane to establish that it had the same adverse mass-balance characteristics.
This mode had not been detected in previous tests because the vibrators had been
placed too close to the node, which occurs at the junction of the boom and fin post.

2.2 Flight Tests

As there did not appear to be any modes which were likely to couple to
produce flutter, other than the 2-node boom bending with elevator rotation which
had not been a problem on the T-300 at speeds up to 175 knots, the aircraft was
permitted to fly up to 110 knots based on simple proportionality of frequencies and
speeds compared to the T-300 aircraft. For the first flight, and subsequent flying at
speeds up to 110 knots, a two-channel tape recorder was Installed in the aircraft to
record the accelerometer outputs at locations along the starboard boom and on the
elevator of the starboard tail. Several flights were made to obtain data at 5
locations along the boom at air speeds of 60, 80, and 110 knots and at 2000 RPM and
2600 RPM engine speeds. The data recorded were analysed on a FFT spectrum
analyser and Figs. 16 and 17 show these spectra for the same location at several
speeds. It will be seen that a sharp peak occurs at engine speed and at half engine
speed, and at 110 knots there is some indication of the mode on the boom at 17.8
hertz. These initial flights were made to investigate this particular mode, and to
establish that the engine did excite the aircraft structure at half engine speed. This,
together with the test carried out on the T-300 tailboomn explains the 21.5 hertz
vibration observed during the T-300 flight tests reported in Ref. 1.

For the flutter clearance flights, two 4-track tape recorders were installed
in the aircraft to record accelerometer outputs from the locations listed in Table 4.
In Table 5 the flights are listed with the speeds flown In each flight. Prior to these
flights, the aircraft was modified by the addition of the dorsal stabiliser fin having a
deep inverted U section Increasing in depth towards the tal.

At each speed, the pilot activated the elevators and ailerons with sharp raps
In both directions. He then maintained speed for at least one minute to record
response to the ambient turbulence, and then reduced engine speed whilst
maintaining air speed to establish whether any modes were being excited by the
engine vibrations and not by aerodynamic forces.f

The recorded data were analysed on a 4-channel FFT spectrum analyser to
establish the frequency content at each location due to turbulenco Input. Figures 22
to 37 show these spectra for each air speed. Between flights, the means of assessing
damping were limited to observations of the peaks on the frequency spectra, and the
random decrement signatures produced by a portable microprocessor. These showed
sufficient damping In each mode to permit progress to the next speed. The mode at
22 hertz was hard to separate from the engine induced vibration so, for flights 5, 6,
and 7, the engine speed was reduced to 2300 RPM. This will be easily observed on
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Figs. 34 to 37. Flight 7 was flown to record better data of the response to stick raps
at three lower speeds.

decrement signatures shown in Figs. 38 to 42. The process for obtaining these

signatures is fully explained in Ref. 2. The subsequent analysis to extract the
frequencies and dampings used a curve-fitting programme. The analyses on Figs. 38
to 42 are the results of the best fits for each random decrement signature.

3. TEST RESULTS

3.1 General

The vibration mode shapes and corresponding frequencies of all measured
and identified flexible modes are listed in Table 3. For comparison purposes the
frequencies of the corresponding modes of the T-300 aircraft are also listed. Those
modes which were measured in some detail have been plotted and are presented in
Figs. 8 to 15. For clarity of presentation, not every measured point is plotted, and in
cases where the vibration amplitudes of certain components of the aircraft structure
were negligible, measurements were not recorded. The modes which have
frequencies corresponding to frequencies measured on. the T-300, and which are
essentially modes involving only the parts of the structure which are identical with
the T-300, were tuned using Lissajeus figures and the resolved component ratiometer
to identify the mode and its resonant frequency, but not measured.

3.2 Details of Mode Slopes

Mode at 3.8 Hz. (Fig 8) -

This mode is the symmetric lateral boom bending mode and could be excited quite
readily using a single shaker on the port fin.

Mode at 4.4 Hz. (Fig 9) -

This is the antisymmetric lateral boom bending mode and was equally easily excited
using the single shaker input.

Mode at 4.8 Hz. (Fig 10) -

This is the antisym metric vertical boom bending mode. The motion of the wing and
stub wing is essentially rigid-body motion.

Mode at 6.7 Hz. (Fig11) -

This Is the symmetric vertical boom bending mode with a pitching motion of the wing *
and fuselage.

Mode at 9.23 Hz. (Fig 12) -

This Is the symmetric torsion mode of the tail booms. Because of the mass of the

tail plane assembly, some bending of the boom and fin appears In this mode.

------------ _ _ _ -__ L
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Mode at 9.43 Hz. (Fig 13) -

This is the antisymmetric torsion mode of the tail booms, and a similar boom bending
to the previous mode is apparent.

Mode at 17.8 Hz. (Fig 14) -

This mode is a 2-node vertical bending mode of the tail boom. Each boom had
slightly differing frequencies and the frequency of 17.8 hertz was the best that could
be achieved with the use of two vibrators, one on each boom. The initial
measurement was made with the control surfaces clamped. This indicated a nodal
line between the tailplane-elevator hinge and the elevator balance mass. A further
measurement, with the control surfaces free, confirmed that for this mode the static
balance is incorrect. Figure 14(b) shows the mode shape along the boom with control
surface clamped and free.

Mode at 29.95 Hz. (Fig 15) -

This is the stub-wing symmetric bending mode. The additional span has caused very
little change to the frequency of this mode, mainly because the extension is of a
light aluminium construction.

3.3 Flight Tests

In all the frequency spectra presented, the vertical axes are scaled in units
of "g" r.m.s., "g" being the acceleration due to gravity (9.81 metres/sec/sec). The
spectra are the result of averaging several sequential time histories using a 50
percent overlap and a Hanning window. The spectra have 400 frequency points
providing a resolution of 0.125 hertz.

During the preliminary tests, response to turbulence was recorded from a
location on the starboard boom and on the elevator. Several records were taken at
different engine speeds and air speeds with the boom location being changed for each
flight. In Figs. 16 and 17 it will be seen that the predominant peak at each speed and A

location occurs at a frequency corresponding to half the engine rotation speed. A
peak may also be seen at full engine speed and, on Fig. 16, a further peak at 1.5
times engine speed. There are indications also that the vertical bending modes of
the boom, measured on the ground at 4.8 hertz and 6.7 hertz, are well excited at
these airspeeds. They appear as peaks at approximately 4 and 6 hertz on the
elevator response spectra. On Fig. 17 the spectrum for the boom at 110 knots
indicates a slight growth in the mode at 17.8 hertz.

Following these initial flights it was agreed to proceed with the flutter
clearance flights which took place in November 1984 with the 400 horsepower engine
installed, and a longitudinal dorsal stabilising fin fitted along the top of each boom.
The first of this series of flights was flown to determine the critical engine speed for|
excitation of the mode at 17.8 hertz. This flight showed that the addition of the
dorsal fin had increased the boom stiffness and raised the frequency of this mode to
approximately 22 hertz, which is higher than half of the maximum engine speed of2600 RPM.

Figures 22 to 37 present the spectra of the responses to turbulence at the
eight locations for each speed from 90 to 162 knots. On Figs. 22 and 24 a large peak
appears on the Stbd. boom response at 15 hertz and 24 hertz. As this was not
apparent on the Port Boom, the location of the accelerometer was checked and found

/
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to be too close to the control system cables. There appear to be resonances in the
control cables at these two frequencies. For the next flight the accelerometer was
relocated in the same region between the control cables. For flights 6 and 7 the
accelerometers on the two booms were repositioned on the underside of the booms,
well clear of all control cables.

Responses to stick raps are presented in Figs. 18 to 21, which are 15-second
time histories of data passed through a 15 hertz low-pass filter to remove the engine
vibration and higher frequency noise. The response of the wing and tailplane
to impulses on aileron and elevator may clearly be seen up to 150 knots. At 150
knots and above, the increased turbulence tends to swamp the impulse which,
because of the preload required on the control column to maintain the dive angle,
tends to be less effective. However, impulses can be seen on both control surfaces,
and the corresponding responses of the main surfaces have satisfactory decay
characteristics at all speeds.

Figures 38 to 42 show the random decrement signatures of four locations at
varying air speeds and filter settings. Figure 38 indicates that the damping of the
lateral boom bending mode was greater than 5 percent of critical damping at all
speeds flown. The reduction in damping from 120 knots to 140 knots and the
subsequent increase in damping at 162 knots may be due to non-linearities in the
structure and differing levels of turbulence in the flights. It may also be a
characteristic of the aeroelastic properties of the structure, but without flutter
calculations this cannot be said with any certainty. Figure 39 was produced to

measure the damping of the boom torsion modes in the region of 9 hertz. The other
tw modes included are leakage through the filters which have a 3 dB per octave

roll-off characteristic and, although affecting the shape of the curve, cannot be
acetdas a measure of any mode. Figure 40 provides the damping for the vertical

boom bending mode at 4.8 hertz, which is seen to be increasing with air speed.
Figure 41 provides the damping of the two wing bending modes, measured on the
ground at 11.4 and 14.4 hertz. Both modes show sufficient damping at all speeds
flown. Figure 42 shows the problem of having the engine speed close to twice the
frequency of the structural mode under investigation. The first of the twoA
frequencies in each pair is the 2-node boom bending mode at 22 hertz. The second,
almost zero damped oscillation, is the engine induced vibration at 20.96 hertz
corresponding to 2500 RPM, and 19.36 hertz corresponding to 2300 RPM.
The bending mode has damping of 4.3 percent of critical damping at the maximum
speed flown, which is quite satisfactory. However, the reduction in damping is quite
rapid from 120 knots onwards as may be observed on the frequency spectra in Figs.
28, 30, 32, 34 and 36, where the amplitude of this mode is seen to rise quite
markedly.

4. CONCLUOII

The T-400 Skyfarmer has been ground tested, in relation to its airframe
vibration characteristics, and all the variations from the previous T-300 model
measured in detail. The flight tests have been carried out and every reasonable
effort made to induce flutter at speeds up to 162 knots. The aircraft, in the
configuration tested, has been found to be clear of flutter at air speeds up to and

* including 162 knots.
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TABLE 1 (a)

Details of Aircraft for Ground Resonance Test

Type: PL12/T400 Skyfarmer

Serial No.: H 1107

Registration: VH - BOU

Engine: Lycoming Type IO-540-KIAS

Propellor: Hartzell 3 bladed

Total Mass Approx: 1200 kilograms

Control Surface Balances:

Elevator - 0.14 kilograms L.E. heavy

Aileron - 1.59 kilograms T.E. heavy

Rudder - 0.75 kilograms T.E. heavy

TABLE 1(b)

Changes for Flutter Clearance Flights

Engine: Lycoming Type IO-720-DIBD

Total Mass Approx: 1430 kilograms (full fuel at take-off)

Max Permitted Mass: 2000 kilograms

Centre of Gravity
at take-off: 0.476 metres aft of datum

Limits of Centre
of Gravity: 6.410 to 0.590 metres aft of datum

Modification: Introduction of a dorsal stabiliser fin along top
of each boom

-rL-~-*-- . - - - - - - - - - --



TABLE 2(a)

LOCATION OF WING MEASURING STATIONS

0.015 0.202 0.635 0.765 0.995

+0.995 - WiB WIC WID

-0.995 W12B W12C W12D

+0.844 W2A W2B W2C W2D W2E
-0.844 WIIA WIIB W11C WilD WIlE

+0.665 W3A W3B W3C W3D W3E
-0.665 WIOA WIOB WhOC WIOD WIOE

'p

+0.470 W4A W4B W4C W4E

-0.470 W9A W9B W9C W9E

+0.318 W5A W5B W5C W5D W5E

-0.318 W8A W8B W8C W8D WSE

+0.131 W6A W6B W6C W6D W6E
-0.131 W7A W7B W7C W7D W7E

is proportion of wing chord aft of wing leading edge

n is proportion of wing semi-span from aircraft centreline

___



TABLE 2(b)

LOCATION OF STUB WING MEASURING STATIONS

0.115 0.440 0.975

+0.990 SWIA SWIB SWiC
-0.990 SW8A SW8B SW8C

+0.765 SW2A SW2B SW2C
-0.765 SW7A SW7B SW7C

+0.542 SW3A SW3E SW3C
-0.542 SW3A SW6B SW6C

+0.393 SW4A SW4B SW4C

d
-0.393 SWsA SW5B SW5C

is proportion of stub-wing chord aft of leading edge.

n is proportion of stub-wing semi-span from aircraft
centreline.



TABLE 2(c)

LOCATION OF TAILPLANE MEASURING STATIONS

0.042 0.375 0.625 0.986

+ 0.875 PTIA, STlA PTlB, STiB PTlC, STiC PTlD, STiD
- 0.875 PT4A, ST4A PT4B, ST4B PT4C, ST4C PTID, ST4D

+ 0.484 PT2A, STA PT2B, ST2B PT2C, .ST2C PT2D, ST2D

+ 0.484 PT3A, ST3A PT3B, ST3B PT3C, ST3C PT3D, ST3D

IL,

is proportion of tailplane chord aft of tailplane leading edge.

rn is proportion of tailplane semi-span from boom centreline.

Ai

-; ----- ~-~-.-.-.. ...- - ..-----..-.- i.-



TABLE 2(d)

LOCATION OF FIN, BOOM, AND RUDDER MEASURING STATIONS

0305 + 350 + 510

2464 PBIV, SB1V

PBIH, SBIH

3074 PB2V, SB2V

PB2H, SB2H

3684 PB3V, SB3V
PB3H, SB3H

4446 PB4V, SB4V
PB4H, SB4H

4890 PF4A PF3A PF2A PF1A
SF4A SF3A SF2A SF1A

5110 PF4B PF3B PF2B PFIB

SF43 SF3B SF2B SFIB

5620 PF4C PF3C PF2C PFIC
SF4C SF3C SF2C SFIC

B.S. - Body Station in millimetres from main wing root
leading edge.

W.L. - Water Line in millimetres from boom centreline.

. 1 ...... ........ .



TABLE 3

Sumary of modes measured in ground resonance tests.

NATURAL FREQUENCY
DESCRIPTION OF MODE Hz DAMPING Fig

T-300 T-400 CRITICAL No.
(Ref. 1)

Symetric lateral bending of booms - 3.8 1.2 8

Antisyimnetric lateral bending of booms 5.14 4.4 1.0 9

Antisymmetric vertical bending of booms 6.07 4.8 2.8 10

Symmetric vertical bending of booms - 6.7 2.8 11

Symmetric torsion of booms 9.9 9.23 1.7 12

Antisymetric torsion of booms 10.5 9.43 1.5 13

Elevator rotation - stick free 9.7 10.4 - -

Symetric Wing bending 11.4 11.4 - -

Elevator rotation - stick fixed 14.2 12.0 - -

Ant.isysmetric Wing bending 14.4 14.4 - - t.

2nd vertical boom bending* 21.5* 17.8* 2 14

Rudder anti-phase rotation 21.6 23.0 - -

Aileron symmetric rotation 23.4 25.0 - -

Stub-wing symmetric bending 30.8 29.9 2 15 A

Syimtric wing torsion 35.5 35.6 - -

Rudder bending with tailplane torsion 38.0 38.0 - -

Elevator antisynmetric torsion 38.4 38.4 - -

Antisymetric wing torsion 39.4 39.4 - -

Rudder bending 43.2 43.2 - -

Symmetric tailplane bending 46.5 46.5 - -

Note. 1. The mode at 21.5 hertz on the T-300 was not measured on the
mas aircraft as the other modes.

2. The mode at 17.8 hertz on the T-400 was subsequently increased
to 22 hertz by the addition of the dorsal stabiliser fin. i/

I, _ _



TABLE 4

LOCATION OF ACCELEROMETERS FOR FLIGHT TESTS

Starboard Aileron - outboard trailing edge W2E

Starboard Wing - between W2B and W2C

Starboard tailplane - between ST3A and ST3B

Starboard elevator - trailing edge ST3D

Starboard fin - location SF3A

Starboard rudder - trailing edge 75m below W.L.

Starboard boom - between SB3V and SB4V

Port boom - between PB3V and PB4V

I,

-q



TABLE 5

SCHEDULE OF TEST FLIGHTS -FLUTTER CLEM CE

FLIGHT 1 -9th November 1984

Air speed 80 knots Engine speed 2000 RPM

Air speed 80 knots Engine speed 2100 RPM

Air speed 80 knots Engine speed 2200 RPM

Air speed 80 knots Engine speed 2300 RPM

Air speed 80 knots Engine speed 2400 RPM

Air speed 80 knots Engine speed 2500 RPM

Air speed 80 knots Engine speed 2600 RPM

FLIGHT 2 - 9th November 1984

Air speed 80 knots Engine speed 2500 RPM

Air speed 90 knots Engine speed 2500 RPM

Air speed 100 knots Engine speed 2500 RPM

Air speed 110 knots Engine speed 2500 RPM

FLIGHT 3 - 10th November 1984

Air speed 110 knots Engine speed 2500 RPM

Air speed 120 knots Engine speed 2500 RPM

Air speed 130 knots Engine speed 2500 RPM

FLIGHT 4 - 12th November 1984

Air speed 130 knots Engine speed 2500 RPM

Air speed 140 knots Engine speed 2500 RPM



TABLE 5 (CONTD) i

FLIGHT 5 - 13th November 1984

Air speed 140 knots Engine speed 2300 RPM

Air speed 150 knots Engine speed 2300 RPM

FLIGHT 6 - 14th November 1984

Air speed 150 knots Engine speed 2300 RPM

Air speed 162 knots Engine speed 2300 RPM

FLIGHT 7 - 14th November 1984

Air speed 110 knots Engine speed 2300 RPM

Air speed 120 knots Engine speed 2300 RPM

Air speed 130 knots Engine speed 2300 RPM



316m -

1.76 m

3.05 mI

0.91 m

2 m

3.5m

7.35 m

FIG. 1() GENERAL OUTLINE OF AIRCRAFT WITH MAJOR

DIMENSIONS



PF1

Al 3H + PF1

* + + + wing

FlH~4 FIVji

W12 Wi W10 W9 W8 W7

+. + + 4
E +. 4 +.

4 PB1V *F2V

+. PB2V

PB3V

PB4V

B

PT4 PT3 PT2 PT1

FIG. 1(b) LOCATIONS OF MEASURING STATIONS

(ONLY HALF SHOWN HERE)



C)

FREMXCY OW

FIG. 2 RESPONSE AT W11B

N

4J Lt~n *
(a C14

FNEaENMY ow)

FIG. 3 RESPONSE AT SW8A



4

uN

00

FIG. 4 RESPONSE AT PF4B .

A

aa;
-4

FIG. 5 RESPONSE AT PT4A



4~J

-4

FIG. 6 RESPONSE AT SB4V

41

4-

FIG. 7 T300 ;IRCRIII RESOSE AT PB4V



Wing

\ /

\ /
\I

Stub wing

Port fin Stbd. fin

X Leading edge

0 Trailing edge

FIG. 8(a) MODE AT 3.8 Hz

-L______._x



Port boom

Vertical

Stbd. boom

Boom Fin

I I llt 1 Port boom

Horizontal

I I tl Stbd. boom

FIG 8(b) MODE AT 3.8 Hz

i4



wing

\ I

\ /

Stub wing

Port fin Stbd. fin

X Leading edge

0 Trailing edge

FIG 9(a) MODE AT 4.4 Hz

_______



Port boom I

Vertical

Stbd. boom

Boom Fin 1

-iii Port boom

Horizontal

Stbd. boom

FIG. 9(b) MODE AT 4.4 lz

___



Wing "

IN T

Stub wing

Port Stbd.

Tail plane Tail plane

I 1(I I 

FIG. 10(a) MODE AT 4.8 Hz _I



Port boom

FWing Boom Vertical

Stbd. boom

FIG. 10(b) MODE AT 4.8 Hz



F2V

4p p
+x -- -r /- I -

\FlV

Stub wing

Port Stbd.

X Leading edge

0 Trailing edge

Tail Tail

FIG. 11(a) MODE AT 6.7 Hz



Port boom

EWing Boom Tai Vertical

Stbd. boom

FIG. 11(b) MODE AT 6.7 Hz

-~~ ----------- V



Wil (I

Stu ing

Port StbI

Stub wing

Port 12a) MDEAT923H



Port boom

Vertical

Stbd. boom

- Port boom

Horizontal

A
,~ ~ Stbd. boom

FIG 12(b) MODE AT 9.23 Hz



Wingq

O4-

Stu ing I

Stub win

Port StbA

FIG Leain MOEdge943H



Winqc

Stub win

Por Stbd.

Stubaing eg

0 Trailing edge

Tail Tail

A

FIG. 14(a) MODE AT 17.8 Hz



Port boom

Wing Boom Vertical

S Stbd boom

Mode with elevator clamped

Elevator

Tl Tailplane

Wing Boom -T

Mode on port tail with elevator free

FIG. 14(b) MODE AT 17.8 Hz

---- -. •- . -



wi n

\ /
\ /

~~Stub wn

X Leading edge

O Trailing edge

FM2

FIG. 15 MODE AT 29.95 Hz



L0knots_2000 p 4CH

60.00 m FS__ I

S B, BLOOM V- _

0.00 mNF

0.0 Hz 50.0000O

60. 00 m FS ~F F~

Hz 50.00003

60.00 inFS

0.0 MN ~-
0.0 Hz 50.0000

IG EV6 REPNSOORUBUEC

-PRELhIMINARY FLIGHTS



L8Q-kiots 2600rpm 4 - Cli
60. 00 FSF I

sTIT1 BOOMj
LNiLN - . -

0.0 MNL .
0. 0 Hz 50. 0000

60. 00 mn FS
EEVATOR

0.0 Hz50. 0000

110 knots 2600 rpm 4CH

60.00 mn FS 719 K_71
7 - -T

0.0 MNHz- 50.0000
60. 00 FSF7 ~

ELEVATOR2
LN, LN K

0.0 0N C.6z 50 11

FIG. 17 RESPONSE TO TURBULENCE

-PRELIMINARY FLIGHTS



~.............

.. 2 . , .: .8 . ~ . -

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ... ....-.,:~2 £::i 2 1:2~A

...... .......... .

Tailplane

:~ 7=7 -17-

___ ~ ~ ~ : ___ 1 Izr

K. 15isecond

110knoT

FIG 18 RSOSETrTCKRP T 1:NT



: : I . .. .

TAilerone

i "T -_I*_--,

iWing

15 seconds N

-. z7 '7 - . .- . -- - -r



I. ... ... ... .. . J
-M-

Tailiplane

Elevator

-7,-

L- 17t
V Aileron

F 7 T-.F

Wing

15seconds

150 knots

FIG. 20 RESPONSE TO STICK RAPS AT 150 KNOTS



Tailplane

...... -- -- --

Elevator

A* -- i f j ,E E

Lh

Aileron

Wing

15 seconds

162 knots

FIG. 21 RESPONSE TO STICK RAPS AT 162 KNOTS



190_Iknts 2500 rpm __-4CR

1.000 FS K ~

STBU BOOM__

LN. LN Ih---- __

0.0 MN L -1---

0. 0 Hz 50. 0000

PFTOOMI 1

0.0 MN 0.0 Hz 50.00 00

190 knts 2500 rpm 4CR
100.0n FS

EEVA TOR __ ____

A LN

0.0 50. 0000

100.0 m FSF r
w L~NE__ 

-

0.0 iMN~ii.
H. z 5000

FIG. 22 RESPONSE TO TURBULENCE AT 90 KNOTS



190 knots 2bW0ipM-- -4U1
100. 0 m FS r-
N[ LN

0.0 M
00Hz 50.0000

100. 0 in FS i~- _ _

RUDDER ___ ___j___

0.0 MNIn
0.0 Hz50.0000

190 knots 2500 rpm 4CH
100.0Om FSII __ii _ _

0L0G N 0.0 -KZ 50.00

0.0 MN
0. 0 Hz 50.0000

FIG. 23 RESPONSE TO TURBULENCE AT 90 KNOTS



10 nts 2500 rpm 4CH

500. 0 m, FS r -- ~ 1

LN, LN -- 71

0.0 MN____- _

0.0 Hz 50.0000

0.0 M l
0.0 Hz50.0000

1100 knots 2500 rpm 4CH

100.O0m FS~r- _ _

NLN

0.0 Hz 50.0000

100.0Om FS; I_ _ _ _

0.0 MN___ __0.0 Hz 50.0000-

FIG. 24 RESPONSE TO TURBULENCE AT 100 KNOTS



F

lL00knots 2500_rpm 4CH

FINv m...I .. FS.[.. __.__ _ _L. - _..

(20 MN- --

100.0 mFS

LN, LN - _ _ _

S50.0000

100 knots 2500 rpm 4CH

100.0 m FS _ -

0.0 MN L___ ___ _,, ,, _ .,,
0.0 _Hz 50.0000

100.0m FS- _

0.0 MN

FIG. 25 RESPONSE TO TURBULENCE AT 100 KNOTS

100. mF



tA

L10 knots 2500 rpm 4CH

160. 0 m FS

LN, LNS TB D BO OM -__ ..... .. . _

0.0 MN
0.0 Hz 50. 0000

160.0 FS

PNR BOOM

.0 -Hz 50. 0000

1110 knots 2500 rpm 4CH

100.0 m FS ! _"

__.___0_ ____N - "

0. 0 Hz 50. 0000

100.0 m FS -

TAILPLANE .LNL

0.0 MN___ ____

0.0 Hz 50.0000

FIG. 26 RESPONSE TO TURBULENCE AT 110 KNOTS



i0 knots 2500 rpm 4CH
100.O m FS . -v . . 1

- -. . L A - --- -_ -

0.0 MN -0.0 Hz 50. 0000

100.0 m ___FSZ7_ -- _ __.... -- -- r-

..0 HZ 50.0000

1110 knots 2500 rpm 4CH

__oo__s___ I - - . #

A LN I "_'

0.0 MN ~
0.0 Hz 50.0000

100.0 m FS ,[
AILERON

LN

0.0 MN L.. I
0. 0 Hz 50.0000

FIG. 27 RESPONSE TO TURBULENCE AT 110 KNOTS

__ _ _1



I

120 knots 2500rn- 4CH

L .LN . .. I- . . .

0.0 m _ - --
0.00 - 5O. 0O0

0. 0 Hz 50.0000
100. 0 m FS

V _

0.0 ml IVI

120 knots 2500 rpm 4CH-

100.0 m FSE~~R_____
F"11 I w '

0.0 Hz 50.0000
100. 0 i FS

TA4 ILPLANE
LN. LN

0.0 N ___ -,- _ _- _ _ --.
0. 0 Hz 50.0000

FIG. 28 RESPONSE TO TURBULENCE AT 120 KNOTS

, i--L



SL120 knq~s 2500 rpm 4CH
100. 0 t,7 FS

0.0 MN T-.~5~JcO

100. 0 ir FS N I _ _ _1~

0.0 MNL V.. V-
0. 0 Hz 50. 0000

120 knots 2500 rpm 4CH
100.O0m FS I f

WING- ____ ___iZ I
LA LN L I

100.0 mFS ~&

Al ERO N

0.0 MN [.JL
0.0 Hz -50.00

FIG. 29 RESPONSE TO TURBULENCE AT 120 KNOTS



130 knots 2500 rpm_ 4(H

100.O0m FS j I

STBD BOOM L fI [ LT
LN, LN -.

0.0 N _ __-- i_ _ _

0.0 m0.0
0,0 Hz 50. 0000

PORT BOOM ___ _

LN, LN j .... .

0.0 MN _ _ _ __ _-._ _

0. 0 Hz 50.0000

1130 knots 2500 rpm 4CH

100.0 m FS I I
E EVA TORA LN

0.0 MN 1 ' I ,1

0.0 Hz 50.0000

1o.O m FS '_ __-I

0.0 MN 1,-,
. 0 Hz 50.T NO00

FIG. 30 RESPONSE TO TURBULENCE AT 130 KNOTS



11-30 knotsc 2500 rpm- C

100. 0, FS- K -

LNL N

0.0 MN
0.0 Hz50. 0000

100.0 m FS

LNi'NHZ I F7  L V-

0.0 ML. L
0. 0 Hz50.0000

130 knots 2500 rpm 4CH

100.O0 FSI _ ___

LN. LN___

~0.0 Hz~LL- 50.0000

100.0Om FS__J__

0. 0 MNLi L. 1 .
0.0 HZ 50.0000

FIG. 31 RESPONSE TO TURBUENCE AT 130 KNOTS



i,

[40 .. ots _25 0rpm 4 H

STBD BOOM I t I..,.
LN, LN .. 

6.0 MNLU00. 0 HZ 50. -0000

10.0 mNP 7 ~

0.0O HZ 50. 0000

1140 knots 2500 rpm 4CH ,

EEC.VA TOR I

..... L ..J _N_ _x . .
0.0 MN L ILw[

0. o Hz 50. 0000
100.0 m FS 7Z 111 _ .T V

I _-

T&LPLANE [ ""t- i-

0.0 MN L
0. 0 Hz 50. 0000

FIG. 32 RESPONSE TO TURBULENCE AT 140 XNOTS



L0 knots 2500p 4CH

100 0 m FS ------

0.0 MN L. ] --- 6T 0 Hz 50. 0000

100. 0 m FS r F T -

LN, L _ 

_-V 
T

0.0 MN I ___
0.0 Hz 50.0000

140 knots 2500 rpm 4CH ,

100.0 m FS I "

LN,LN __ __I _ _ _ _ _ _ ,_-_._.. . J - , A

0.0 MN ---

O.0 Hz 5. 000

FIG. 33 RESPONSE TO TURBULENCE AT 140 KNOTS



150_knots 230Qrpm 4CH

FS00.0I m FS
-O.O S,. . . . .. . - --- [-----7 - - !...

SITD BROOM

0.0 MN _- _ . ..
0.0 Hz 50. 0

100.0w FS J
PFRT OOM -

ALN

0.0 MN____ __ __ _ _

0.0 Hz 50.0000

150 knots 2300 rpm 4CH [

100.0 m FS ' 1 T ZZ

0.0 MN......r ,-
0.0 Hz 50. 0000

100. G 0 R FS T L A7 -KNT

0.0 MN ~--5000

FIG. 34 RESPONSE TO TURBULENCE AT 150 KNOTS

.. .. . .. . . . . .



100.0L O kn[~110Iots 2300 rpm 4C

LN, LN ---- ~ _

12.m S - Hz _ 50.0000

RUDDER
LN, LN

0.0 MNL4 L
0.0 HZ 50.0000

150knts2300 rpm 4CH

0.0 MN
0.0 Hz 50.0000

100.O0ar FS

a.0 MN __v
0.0 Hz 5a 0000

FIG. 35 RESPONSE TO TURBULENCE AT 150 KNOTS



162 knots 2300_ j 4CH

100. 0 m F

0.0 MNY L L L
0.0 Hz50.0000

100.O0m FS ii- __ -

0.0 N' 0.0

162 knots 2300 rpm 4CH [

200. 0 m FS ~ 1__
E VAk0R__ __-

0.0 MN__

0.0 MN L . --

0.0 Hz

FIG. 36 RESPONSE TO TURBULENCE AT 162 KNOTS

-~~ .. ...... _ _ L



162 knots 2300 rp 4CH

100.0 m FS,_ ,

A--

0.0 MN0

10 0 Hz 50.0000

1162 knots 2300 rpm 4CH .

0.0 MN -J

0.0Hz 50.0000
100.0 m FS I -

WINGLN, LN

0.0 MNL

0.0 Hz 50.0 000

100.0 m FS

L, , N

0.0 MN 0.0 Hz 0

FIG. 37 RESPONSE TO TURBULENCE AT 162 KNOTS



12.FNT
CALCULATED PARAMETERS
FREO (Hz) 4.2S
DAMPING CX) 9.8

CALCULATED PARAMETERS

FRED (z) 4.5

CALCULATED PARAMETERS

DAMPING CII) 19.3

TRANSDUCER LOCATION i FIN '

FILTER 5 tHZ LOWPA33

FIG. 38 RANDOM DECREMENT ANALYSIS



CALCULATED PARAMETERS
FRED (Hz) 8.61 15.72 4.80
DAMPING (9) 8.1 10.1 12.1

140.0 KNO~fTS

CALCULATED PARAMIETERS
FRED (Hz) 8.78 15.87 4.71
DAMIPING (X) 7.6 5.2 6.7

CALCULATED PARAM4ETERS
FRED (Hz) 0.9 5S.486 .07

TRANSDUCER LOCATION I FIN
FILTER :5 HZ - 10 lIZ *ANDPASS

FIG. 39 RANDOM DECREMENT ANALYSIS



CALULTE PARAETER

CALCULATED PARAMETERS

CL DAMPING (CX) 12.3

CALCULATED PARAMETERS

DAMPING CX) 29.67

TRANSUCERLOCAI SECAOPND

CALLTATE 6PHZAMETEAS

FIG. 40 RANDOM DECREMENT ANALYSIS



120.0 KNOTS

CALCULATED PARAMETERS
FREO (Hz) 12.75 10.48

CLDAMPING (9) 7.8 9.8

CALCULATED PARAMETERS
FREO (Hz) 13.20 10.95
DAMPING C9) 4.5 8.1

AI

I SEON

HFREG (Hz) 12.71 10.76

ILDAMPING W1k 7.7 10.1 *
TRANSDUCR LOCATION : WING
FILTER :5 HZ - 15 HZ BANDPASS

FIG. 41 RANDOM DECREMENT ANALYSIS



,28.0 KNOTS

CALCULATED PARAMETERS

H FREG (Hz) 21.56 20.96

CLDAMPING C)59.5 0.3

149.8 KNOTS

I.- CALCULATED PARAMETERS

H FREO (Ha) 22.78 19.36D [AMPING C(X) 4.0g 8.5

I SECOND

.:

A

162.8 KNOTS

CALCULATED PARAMETERS

FREO CHz) 22.34 19.36

DAMPING W%) 4.3 8.4

TRANSDUCER LOCATION : S1D BOOM

FI.LTER " 15 HZ - 25 HZ BANDPASS

FIG. 42 RANDOM DECREMENT ANALYSISS-..-----i



DISTRIBUTION

AUSTRALIA

Department of Defence

Central office

Chief Defence Scientist
Deputy Chief Defence Scientist
Superintendent, Science and Program Administration) 1 copy
Controller, External Relations, Projects and

Analytical Studies
Defence Science Adviser (UK) (Doc Data sheet only)
Counsellor, Defence Science (USA) (Doc Data sheet only)
Defence Science Representative (Bangkok)
Defence Central Library
Document Exchange Centre, DISB (18 copies)
Joint Intelligence Organisation
Librarian H Block, Victoria Barracks, Melbourne
Director General - Army Development (NSO) (4 copies)
Defence Industry and Materiel Policy, FAS

Aeronautical Research Laboratories

Director
Library
Divisional File - Structures
Authors: A. Goldman

S. Galea
R. Jones
P.A. Farrell
B. Emslie
P.M. Cox

Materials Research Laboratories-

Director/Library

Defence Research Centre

Library

Navy Office

Navy Scientific Adviser

Directorate of Naval Aircraft Engineering

Army Office

Scientific Adviser - Army
Engineering Developmnt Establishment, Library
Royal Military College Library

... /ant.



DISTRIBUTION (CONT 'D)

Air Force Office

Air Force Scientific Adviser
Aircraft Research and Development Unit

Scientific Flight Group
Library

Technical Division Library
RAAF Academy, Point Cook

Central Studies Establishment

Information Centre

Government Aircraft Factories

Manager
Library

Department of Aviation

Library
Flying Operations and Airworthiness Division

M. Aubury
S. Swift

Statutory and State Authorities and Industry

Commonwealth Aircraft Corporation, Library
Hawker de Havilland Aust. Pty. Ltd., Bankstown, Library
Transavia Pty. Ltd. General Manager (4 copies)

Universities and Colleges

Adelaide Barr Smith Library

Flinders Library

La Trobe Library

Melbourne Engineering Library

Monash Hargrave Library

Newcastle Library

Sydney Engineering Library

NSW Physical Sciences Library

Queensland Library

Tasmania Engineering Library

RNIT Library

SPJME ( 6 copies)
202AL (75 copies)



P

Depalm Of eencG

DOCUMENT CONTROL DATA

11. R No 1. b, eablemw-i No 2. Document Do"e 3. Tfek No

AR-003-994 ARL-STRUC-TM-400 March 1985 AUS 89/826

4.T .Seurity S. No P""e
FLUTTER CLEARANCE TESTS ON A UNCLASSIFIED 17

TRANSAVIA PL-12/T-400 SKYFARMER b. titl C. ebmct 7. No Rels

U U 2

.t A'OWU) 9. D&atnradif Instructions

A. GOLDMAN

S. GALEA

Io. C aWm Aorn ^O& Adu 1 I. Authority f W aie ,,-

YS~bw b.A~jW C.-Wf d4
Aeronautical Research Laboratories
P.O. Box 4331, MELBOURNE, VIC. 3001

12. , s.,,, iwbuoe (of ,docwu,,I

Approved for public release.

0 easawrers ouls easel Wmhatios should be referred tlrough ASDIS. Defemms tnfortiation Servie Brench.
DOernmam of Defene. Cerriphe Pak. CANBERRA ACT 2601
13. & Thhdemlva my be ANNOUNCED in wialogues e arenu ervios aevilable W

No limitation

13. b. Choi"el for otemrleis fieo be w .usenWsuMW aMW be (wet) ursrice(orI n for 13 .
14. s... .. .... .. COATl Gros

yUtter ,7Utility aircraft 01000
lutter analysis- Airframes 01030

Aeroelasticity;:, / Transavia Skyfarmst--0

Vibration tests; ,

-9 ground resonance test and subsequent flight tests Ao j
have- bee conducted on a Transavia T-400 Skyfarmer. The natural
modes and frequencies of vibration were measured in the ground
tests, and monitored during flight tests in which atteapts were
made to induce flutter. The results of these tests are presented.

. .
, F.
_ H



This pop is to be moed to record informationi which is required by the Establshlmnt for its Own use but

~h~ will not be added to the DISTIS data base unless specifically requested.

17. loprint

Aeronautical Research Laboratories, Melbourne.

O NVlW SeriesSOW N~mnbu 19. Cost Code 20. TVp" of Raxwt end Period Cowed

Structures Technical 23 9095
Memorandum 400

22. Ma~fthent PFle Re~(es)
B2/0


